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(54) POWER SUPPLY DEVICE FOR SPUTTERING AND SPUTTERING DEVICE USING THE SAME 



(57) The present invention provides a sputtering 
power supply apparatus which realizes stable sputtering 
at a pressure lower than the discharge start pressure, 
so that scattering of sputtering particles due to collision 
with sputtering inert gas can be reduced, thereby 
improving the step coverage and the denseness of the 
sputter film. According to the present invention, there is 
provided a sputtering power supply apparatus compris- 



ing a sputtering DC power source (A), a constant cur- 
rent circuit (B) connected to the DC power source, a 
sputtering source (21) connected to the constant cur- 
rent circuit (B), and a control unit (1 1) for controlling a 
current output from the constant current circuit (B) so as 
to be a constant current. 
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Description 

Technical Held 

[0001 ] The present invention relates to a power supply 
apparatus tor sputtering used in a sputtering apparatus 
tor forming a thin film on a semiconductor, electronic 
part and ornamental part, and to a sputtering apparatus 
using the power supply apparatus. 

Background Art 

[0002] Widely spread is a technique to form a thin film 
on a semiconductor, electronic part, ornamental part, 
etc., by means of a sputtering apparatus using a sput- 
tering source in which a magnet is placed on the rear 
surface of a target In such a sputtering apparatus, an 
inert gas, for example, Ar, serving as a discharging gas, 
is introduced in a vacuum chamber. A sputtering source 
is arranged in the vacuum chamber. A negative voltage 
is applied to the sputtering source, thereby generating 
magnetron discharge and ionizing the discharging gas 
introduced in the vacuum chamber. The ionized argon 
positive ions are accelerated and collided with the target 
surface of the sputtering source, so that the target sur- 
face is sputter-evaporated. The sputter particles are 
deposited on a substrate, thereby forming a thin film 
made of the material of the target. This is called sputter- 
ing. 

[0003] During the process of sputtering, the magnet- 
ron discharge may be changed to arc discharge. If mag- 
netron discharge is shifted to arc discharge, sputtering 
cannot be performed. 

[0004] Therefore, immediately after the arc discharge 
occurs, a reverse voltage pulse, which maintains the tar- 
get at a positive potential, is slightly applied, so that 
occurrence of arc discharge is suppressed. 
[0005] To prevent the aforementioned arc discharge, 
the following preventive measures have conventionally 
been taken: 

(1) to insert a stabilizing resistor or a choke coil in 
serial with a load; 

(2) to use an intermittent DC power source; 

(3) to insert a choke coil for limiting a current, a res- 
onating reactor and a capacitor between the DC 
power source and the load and apply a reverse volt- 
age with vibration of a voltage and a current which 
are generated at the arc discharge, so that the arc 
discharge can be stopped; 

(4) to clamp the reverse voltage described in (3) to 
stop the arc discharge in the reverse direction, 
thereby preventing the arc discharge more 
securely; 

(5) to detect arc discharge and stop the output of 
the DC power source for a certain period of time; 

(6) to detect arc discharge and apply a reverse volt- 
age to the load for a certain period of time; and 



(7) to apply a reverse voltage to the load at regular 
intervals regardless of whether arc discharge is 
detected. 

5 [0006] However, when the stabilizing resistor is 
inserted in parallel with the load in the circuit of (1), the 
resistor consumes a large amount of power and a sput- 
tering power source of high power cannot be produced. 
Further, in the case of the choke coil, generally, the cir- 

10 cuit of (3) has been made by parasitic elements (L, C) of 
the wire. This case has a problem that the discharge 
voltage and current vibrate due to the negative charac- 
teristic of the DC sputtering discharge. 
[0007] Further, the circuit of (2) has a problem that 

is control of the arc discharge is too late. Since the first 
side of the transformer is controlled by SCR and the 
second side is merely rectified by a diode, the sputtering 
discharge is intermitted at the frequency of an AC line, 
and the period of time between the occurrence and the 

20 extinction of arc discharge corresponds to the firing 
angle of the SCR. Thus, there is a problem that the arc 
discharge control delays. 

[0008] Furthermore, the circuits of (3) to (7) have the 
following problem. When sputtering is performed under 

25 a gas pressure lower than the discharge start pressure, 
the DC sputtering discharge characteristic is of negative 
characteristic and the discharge voltage and current 
vibrate. This is because there is no stable point with 
respect to the negative resistance characteristic, since 

30 the power source characteristic from the viewpoint of 
load is not a constant current characteristic. The reason 
for vibration is that a smoothing capacitor is inserted in 
an output of the DC power source. 
[0009] The discharge phenomenon has various hys- 

35 tereses. The hystereses include a discharge start volt- 
age and a discharge voltage, and a discharge start 
pressure and a discharge stop pressure. When the dis- 
charge stop pressure is measured, it is impossible to 
obtain data as good reproducibility as that of the start 

40 pressure. When the cause was investigated, it was dis- 
covered that the magnetron discharge was stopped at a 
pressure lower than the discharge start pressure in the 
following cases: 

45 (1) as the pressure is lowered, vibration of the dis- 
charge voltage and current occur, resulting in that 
the magnetron discharge is stopped; 
(2) the arc discharge occurs, resulting in the stop of 
magnetron discharge; etc. 

50 

[001 0] In other words, it was discovered that, since the 
magnetron discharge was stopped due to not only the 
characteristics of the magnetron sputter source, but 
also the vibration of the discharge voltage and current 
55 and the arc discharge, reproducibility of the discharge 
stop pressure could not be obtained. 
[0011] As described above, with the conventional 
measures to cope with arc discharge, stable sputtering 
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could not be performed at a pressure lower than the dis- 
charge start pressure. 

Disclosure of Invention 

[001 2] The present invention was made in considera- 
tion of the above matters. Its object is to provide a sput- 
tering power supply apparatus and a sputtering 
apparatus using the power supply apparatus, which 
realize stable sputtering at a pressure lower than the 
discharge start pressure, so that scattering of sputtering 
particles due to collision with sputtering inert gas can be 
reduced, thereby improving the step coverage and the 
denseness of the sputter film. According to an embodi- 
ment of the present invention, there is provided a power 
supply apparatus for sputtering, comprising: a DC 
power source for sputtering; a constant current circuit 
connected to the DC power source; a sputtering source 
connected to the constant current circuit; and a control 
unit for controlling a current output from the constant 
current circuit so as to be a constant current. 
[0013] Therefore, even if the sputtering source exhib- 
its the negative resistance characteristic, the voltage 
and the current of the sputtering source can be pre- 
vented from oscillating by the constant current circuit. 
For this reason, the sputtering source of a pressure 
lower than the discharge start pressure can stably gen- 
erate magnetron discharge at a pressure exhibiting a 
negative resistance characteristic, so that stable sput- 
tering can be performed. 

[0014] Further, since the current is kept constant, the 
sputtering power can be calculated with the product of 
the average voltage excluding the reverse voltage and 
the constant current, not the average of products of the 
instantaneous values of the voltage and the current. 
Therefore, the sputtering can be performed with high 
accuracy of the power. 

Brief Description of Drawing 

[0015] 

FIG. 1 is a schematic diagram showing a circuit of a 
sputtering power source apparatus and a sputtering 
apparatus using the power source apparatus 
according to an embodiment of the present inven- 
tion. 

Best Mode of Carrying Out the Invention 

[001 6] An embodiment of the present invention will be 
described with reference to the drawing. 

(Structure) 

[001 7] FIG. 1 is a schematic diagram showing a circuit 
of a sputtering power source apparatus and a sputtering 
apparatus using the power source apparatus. In FIG. 1 , 



a reference numeral 1 1 denotes a control unit for con- 
trolling the sputtering power source apparatus. 
[0018] A reference numeral 12 denotes a sputtering 
DC power source of, for example, 800V. A capacitor 13 

5 is connected in parallel between both electrodes of the 
DC power source 12. The DC power source 12 and the 
capacitor 13 constitute a sputtering DC power source A. 
[001 9] The negative electrode of the DC power source 
12 is connected to the emitter of a switching transistor 

w Q1 . The gate of the switching transistor Q1 is connected 
to the control unit 11. 

[0020] A flywheel diode D1 is connected between the 
collector of the switching transistor Q1 and the positive 
electrode of the DC power source 12. 
is [0021] The collector of the switching transistor Q1 is 
connected to the emitter of a switching transistor Q2 in 
a reverse voltage applying circuit C through a choke coil 
L 

[0022] The transistor Q1 , the diode D1 and the choke 
20 coil L constitute a constant current circuit B. 

[0023] A current detector 14 is provided between the 
collector of the transistor Q1 and the choke coil L. Both 
ends of the current detector 14 are connected to the 
control unit 11. 

25 [0024] The collector of the switching transistor 02 is 
connected to the positive electrode of a reverse voltage 
source 15. The negative electrode of the reverse volt- 
age source 15 is connected to an earth line a. The tran- 
sistor Q2 and the reverse voltage source 15 constitute 

30 the reverse voltage applying circuit C. 

[0025] The emitter of the transistor Q2 is connected to 
the cathode of the diode D2. A resistor R1 is connected 
in parallel with the diode D2. 

[0026] The diode D2 and the resistor R1 constitute a 
35 reverse direction arc discharge preventing circuit. 

[0027] The anode of the diode D2 is connected to the 
earth line a through resistors R2 and R3. A node 
between the resistors R2 and R3 is connected to the 
control unit 11. 

40 [0028] The resistors R2 and R3 constitute a load volt- 
age measuring circuit D serving as arc detecting 
means. 

[0029] The anode of the diode D2 is connected to a 
sputtering source 21. 
45 [0030] A reference numeral 22 denotes a vacuum 
chamber. A substrate 23 is placed in the vacuum cham- 
ber 22. 

[0031 ] A pipe 24 is connected to the vacuum chamber 
22. Opening/closing valves 25a and 25b are provided in 
50 the pipe 24. An exhaust pipe 22a is connected to the 
bottom of the vacuum chamber 22. A vacuum pump 22b 
is provided in the exhaust pipe 22a. The vacuum pump 
22b is driven by a sputtering apparatus controlling unit 
26. 

55 [0032] The sputtering apparatus control unit 26 is con- 
nected to the control unit 1 1 . The sputtering apparatus 
control unit 26 comprises a control circuit, etc., consti- 
tuted by a computer, etc. 
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[0033] The sputtering apparatus control unit 26 acti- 
vates and stops the vacuum pump 22b, controls open- 
ing/dosing of the opening/closing valves 25a and 25b, 
and outputs a discharge start signal S to the control unit 
11. 

[0034] The aforementioned circuit shown in FIG. 1 is 
designed such that no static capacitance other than the 
parasitic static capacitance of the sputtering source and 
the static capacitance of the wire is provided between 
the constant current circuit B and the sputtering source 
21. 

[0035] In the case where static capacitance, other 
than the parasitic static capacitance of the sputtering 
source 21 and the static capacitance of the wire, is pro- 
vided between the constant current circuit B and the 
sputtering source 21, if the sputtering source 21 has a 
negative resistance characteristic, the circuit may be 
oscillated by the parasitic inductance and the static 
capacitance of the wire, and the negative resistance 
characteristic. 

(Operation) 

[0036] An operation of the above embodiment of the 
present invention will now be described. First, the sput- 
tering apparatus control unit 26 activates the vacuum 
pump 22b to exhaust the vacuum chamber 22 to be a 
vacuum. Then, the valve 25a is closed and the valve 
25b is opened, so that the pipe 24 is filled with Ar gas. 
Thereafter, the valve 25b is closed. Then, the valve 25a 
is opened, and almost at the same time, a discharge 
start signal S is output to the control unit 1 1 of the sput- 
tering power source apparatus. When the valve 25a is 
opened, an Ar gas pulse flows from the pipe 24 into the 
vacuum chamber 22, thereby increasing the pressure of 
the vacuum chamber 22 like pulses. At that time, a 
switching signal S1 is output from the control unit 1 1 to 
the base of the switching transistor Q1. As a result, a 
negative voltage of the DC power source 12 is applied 
to the sputtering source 21 . For this reason, magnetron 
discharge occurs in the vacuum chamber 22. 
[0037] The capacity of the vacuum chamber 22, the 
capacity of the pipe 24, the pressure of the introduced 
Ar gas and the exhaust rate of the vacuum pump 22b 
are selected, so that the pressure of the vacuum cham- 
ber 22 is set to exceed the sputter start pressure by the 
introduction of the gas pulse for a time required to enter 
the constant current operation. 
[0038] By this time setting, if the DC power source 1 2 
is operated in advance, the constant current circuit B is 
operating when the gas pulse is introduced. Therefore, 
even if the pressure of the sputtering chamber 22 is low- 
ered, the magnetron discharge can continue. 
[0039] The magnetron discharge generates argon 
plasma in the discharge space. Argon positive ions in 
the plasma are accelerated by the negative voltage dif- 
ference and collided with the surface of the target of the 
sputtering source 21 . The surface of the target is vapor- 



ized by the collision. The sputter particles are deposited 
on the substrate 23, thereby forming a thin film made of 
the material of the target. This is called sputtering. 
[0040] The control unit 1 1 intermittently turns on the 

s transistor Q1 , and applies an output from the DC power 
source 12 to the choke coil L 
[0041] When normal magnetron discharge is occur- 
ring in the vacuum chamber 22, the current flowing 
through the constant current circuit B is detected by the 

10 current detector 14. The duty ratio of the switching sig- 
nal S1 for turning on/off the transistor Q1 is varied to 
make the detected current constant, so that a constant 
current flows. 

[0042] The flywheel diode D1 has a function for keep- 
is ing the current flowing to the choke coil L, when the 
transistor Q1 is turned off. 

[0043] The voltage applied to the sputtering source 21 
is divided by the resistors R2 and R3 of the load voltage 
measuring circuit D, and thereafter input to the control 

20 unit 11. The control unit 11 measures the sputtering 
power supplied to the sputtering source 21 based on the 
load voltage measured by the load voltage measuring 
circuit D and the current value detected by the current 
detector 14. The duty ratio of the switching signal S1 

25 output to the transistor Q1 is varied to make the sputter- 
ing power equal to a set value, thereby controlling a 
constant current value. 

[0044] It is important to measure the sputtering power 
with high accuracy for increasing the process accuracy. 

30 The power is obtained by the equation: Power = Voltage 
x Current. If both the load voltage and the load current 
oscillate, an accurate power cannot be obtained unless 
(Voltage x Current) is calculated instantaneously at that 
moment. In this embodiment, since the current is kept 

35 constant by the constant current circuit B, the multiplica- 
tion result is unchanged, even if it is calculated after 
averaging the voltages. If a voltage in the period when 
the reverse voltage is applied is included in the average, 
it follows that a voltage in the period when sputtering is 

40 not performed is included in the average. Therefore, a 
voltage averaging circuit for averaging voltages on the 
assumption of voltage = 0 in that period is used, only the 
sputtering power can be obtained. 
[0045] The sputtering voltage is normally 300V or 

45 higher, whereas the arc discharging voltage is 150V or 
lower. Therefore, it is possible to judge whether the 
sputtering is normally performed or arc discharge 
occurs by detecting the load voltage applied to the sput- 
tering source 21 by the load voltage measuring circuit D. 

50 [0046] When the load voltage measured by the load 
voltage measuring circuit D is 150V or lower, the control 
unit 11 judges that arc discharge occurs in the vacuum 
chamber 22, and outputs a switching signal S2 to the 
base of the switching transistor Q2. 

55 [0047] As a result, the transistor Q2 is turned on only 
for several microseconds and applies a voltage from the 
reverse voltage source 15 to the sputtering source 21 
for the several microseconds, thereby eliminating the 
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arc discharge which has occurred in the vacuum cham- 
ber 22. 

[0048] The negative voltage is applied to the sputter- 
ing source 21, after the vacuum chamber 22 is made 
vacuum and the gas pulse is introduced in the vacuum 
chamber 22, so that the current output from the con- 
stant current circuit B can be controlled to be constant 
Further, when the load voltage measuring circuit 
detects occurrence of arc discharge in the sputtering 
source 21 , the reverse voltage output from the reverse 
voltage applying circuit C is applied to the sputtering 
source 21. Therefore, magnetron discharge can be con- 
tinued in the vacuum chamber 22 only by introducing 
the gas pulse in the vacuum chamber 22 first. 
[0049] If the vacuum chamber 22 is always kept vac- 
uum by the vacuum pump, even if the inert gas is 
entirely discharged from the vacuum chamber, magnet- 
ron discharge is continued in the vacuum chamber 22. 
This is because sputtered atoms of the material of the 
target are ionized instead of the inert gas, so that self- 
sputtering is performed. 

[0050] With the above operation, sputtering can be 
performed in a state where there is no inert gas in the 
vacuum chamber 22. Therefore, the metal atoms 
released from the target of the sputtering source 21 can 
be deposited on the substrate without colliding with inert 
gas. 

[0051 ] For example, when pulsed Ar gas is first intro- 
duced in the vacuum chamber 22, if the target of the 
sputtering source 21 is made of Cu, Cu can be sput- 
tered on the substrate 23 without supplying additional 
Ar gas to the vacuum chamber 22. 
[0052] Thus, even if the substrate 23 is sufficiently 
separated from the target of the sputtering source 21, 
the atoms of the target can be deposited on the sub- 
strate, since there is little scattering due to the argon 
gas. Therefore, sputtering can be performed with 
respect to a large substrate or an article having a com- 
plicated shape. 

[0053] In the case where the reverse voltage source 
15 is incorporated, the current flows through the resistor 
R1. Therefore, the reverse voltage source 15 can be 
applied to the sputtering source 21 through a current 
restricting impedance, R1 , by setting the resistor R1 to 
a suitable value. As a result, occurrence of the arc dis- 
charge in the reverse direction can be prevented. 
[0054] After the reverse voltage source 15 is applied 
to the sputtering source 21 for several microseconds, if 
the load voltage detected by the load voltage measuring 
circuit D is a voltage which generates arc discharge of, 
for example, 150V or lower, the transistor Q2 is turned 
on for several microseconds again, thereby applying the 
reverse voltage 15 to the sputtering source for several 
microseconds. This operation is repeated until the load 
voltage detected by the load voltage detecting circuit D 
becomes equal to or higher than the sputtering voltage, 
for example, 300V. 

[0055] If the apparatus is controlled so as not change 



the value of a constant current obtained by the power 
calculation during the arc discharge, the current flowing 
through the choke coil is kept constant Therefore, the 
present invention does not have the problem of the con- 
5 ventional circuit that, when a reverse voltage is applied 
for a long time or repeated many times, the circuit cur- 
rent flowing through the choke coil L is increased, 
resulting in that the control is impossible due to mag- 
netic saturation of the iron core of the choke coil L. 

10 

[Another Example of Use] 

[0056] In the above embodiment, the reverse voltage 
source 15 is applied to the sputtering source 21 when 

is occurrence of arc discharge is detected by the load volt- 
age measuring circuit D. However, even if occurrence of 
arc discharge is not detected by the load voltage detect- 
ing circuit D, the reverse voltage source 15 may be peri- 
odically applied to the sputtering source 21, so that 

20 occurrence of arc discharge can be prevented. 

[0057] Further, in the above description, the control 
unit 1 1 and the sputtering apparatus control unit 26 are 
distinct apparatuses. However, it is obvious that they 
can be one integral control unit. 

25 

(Advantages of the Invention) 

[0058] According to the invention of claim 1, even if 
the sputtering source exhibits the negative resistance 

30 characteristic, the voltage and the current of the sputter- 
ing source can be prevented from oscillating by the con- 
stant current circuit. Therefore, the sputtering source of 
a pressure lower than the discharge start pressure can 
stably generate magnetron discharge at a pressure 

35 exhibiting a negative resistance characteristic, so that 
stable sputtering can be performed. 
[0059] Further, since the current is kept constant, the 
sputtering power can be calculated with the product of 
the average voltage excluding the reverse voltage and 

40 the constant current, not the average of the products of 
the instantaneous values of the voltage and the current. 
Therefore, the sputtering can be performed with high 
accuracy of the power. 

[0060] According to the invention of claim 2, the same 
45 advantage as that of the invention of claim 1 can be 
obtained. In addition, when arc discharge is detected by 
the load voltage measuring circuit, a reverse voltage is 
applied to the sputtering source by the reverse voltage 
applying circuit Therefore, occurrence of arc discharge 
so can be prevented. 

[0061 ] According to the invention of claim 3, the same 
advantages as those of the invention of claim 2 can be 
obtained. In addition, since the reverse direction arc dis- 
charge preventing circuit is provided, reverse direction 
55 arc discharge is prevented from occurring when the 
reverse voltage is applied, and the possibility of arc dis- 
charge is lowered when the voltage returns to the sput- 
tering polarity. 
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[0062] According to the invention of claims 4 and 5. 
the same advantages as those of the invention of claim 
3 can be obtained. 

[0063] According to the invention of claim 6, the same 
advantages as those of the invention of claims 1 to 5 s 
can be obtained. In addition, the static capacitance 
between the constant current circuit and the sputtering 
source is minimized, thereby preventing the discharge 
voltage and current from oscillating due to the induct- 
ance and the static capacitance of the wire and the neg- w 
ative resistance characteristic of the sputtering source. 
[0064] According to the invention of claim 7, the sput- 
tering source having a negative resistance characteris- 
tic lower than the discharge start pressure can be stably 
sputtered by the constant current control. Therefore, is 
even if the target of the sputtering source and the sub- 
strate are spaced at a distance, scattering due to Ar gas 
is reduced. For this reason, sputtering can be per- 
formed with respect to a large substrate or an article of 
a complicated shape. 20 
[0065] According to the invention of claim 8 t the same 
advantage as that of the invention of claim 7 can be 
obtained. In addition, since a discharge stop due to arc 
discharge can be prevented, a stable manufacturing 
apparatus can be provided. 25 
[0066] According to the invention of claim 9, there is 
provided a more stable manufacturing apparatus having 
a higher arc preventing effect than that of the invention 
of claim 8. 

[0067] According to the invention of claims 1 0 and 11, 30 
the same advantage as that of the invention of claim 9 
can be obtained. In addition, the arc discharge prevent- 
ing effect is optimized, so that a manufacturing appara- 
tus for performing stable sputtering can be provided. 
[0068] According to the invention of claim 12, the 35 
same advantages as those of the invention of claims 7 
to 1 1 can be obtained. In addition, the static capaci- 
tance between the constant current circuit and the sput- 
tering source is minimized, thereby preventing the 
discharge voltage and current from oscillating due to the 40 
inductance and the static capacitance of the wire and 
the negative resistance characteristic of the sputtering 
source. 

Claims 45 

1. A power supply apparatus for sputtering, compris- 
ing: 

a DC power source for sputtering; 50 
a constant current, circuit connected to the DC 
power source; 

a sputtering source connected to the constant 
current circuit; and 

a control unit for controlling a current output 55 
from the constant current circuit so as to be a 
constant current. 



2. A power supply apparatus for sputtering, compris- 
ing: 

a DC power source for sputtering; 

a constant current circuit connected to the DC 

power source; 

a sputtering source connected to the constant 
current circuit; 

a reverse voltage applying circuit for applying a 
reverse voltage to the sputtering source; 
a load voltage measuring circuit for detecting 
arc discharge which occurs in the sputtering 
source; and 

a control unit for controlling a current output 
from the constant current circuit so as to be a 
constant current and causing the reverse volt- 
age applying circuit to apply the reverse volt- 
age to the sputtering source, when the load 
voltage measuring circuit detects that arc dis- 
charge occurs in the sputtering source. 

3. A power supply apparatus for sputtering, compris- 
ing: 

a DC power source for sputtering; 

a constant current circuit connected to the DC 

power source; 

a sputtering source connected to the constant 
current circuit; 

a reverse voltage applying circuit for applying a 
reverse voltage to the sputtering source; 
a load voltage measuring circuit for detecting 
arc discharge which occurs in the sputtering 
source; 

a reverse direction arc discharge preventing 
circuit for preventing occurrence of reverse 
direction arc discharge, connected between 
the reverse voltage applying circuit and a target 
of the sputtering source and having a forward 
direction impedance connected in a direction in 
which a sputtering discharge current flows and 
a reverse direction impedance connected in 
parallel to the forward direction impedance; 
and 

a control unit for controlling a current output 
from the constant current circuit so as to be a 
constant current, and causing the reverse volt- 
age applying circuit to apply the reverse volt- 
age to the sputtering source, when the load 
voltage measuring circuit detects that arc dis- 
charge occurs in the sputtering source. 

4. A power supply apparatus for sputtering according 
to claim 3, wherein in the reverse direction arc dis- 
charge preventing circuit, the reverse direction 
impedance is greater than the forward direction 
impedance. 
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5. A power supply apparatus for sputtering according 
to claim 3, wherein in the reverse direction arc dis- 
charge preventing circuit, the forward direction 
impedance comprises a diode and the reverse 
direction impedance comprises a resistor. s 

6. A power supply apparatus for sputtering according 
to any one of claims 1 to 5, wherein no static capac- 
itance other than a parasitic static capacitance of 
the sputtering source and a wire static capacitance 10 
is provided between the constant current circuit and 
the sputtering source. 

7. A sputtering apparatus comprising: 

a vacuum chamber connected to a ground; 
a sputtering source arranged in the vacuum 
chamber; 

a substrate arranged in the vacuum chamber 
so as to face a target of the sputtering source; 20 
a DC power source for sputtering; 
a constant current circuit connected to the DC 
power source and the sputtering source; 
a sputtering apparatus control unit for control- 
ling an opening and closing valve to discharge 25 
the vacuum chamber to be a vacuum and intro- 
duce a gas pulse into the vacuum chamber and 
outputting a discharge start signal to a control 
unit; and 

a control unit, to which the discharge start sig- 30 
nal is input from the sputtering apparatus con- 
trol unit, for controlling a current output from the 
constant current circuit to be constant. 

8. A sputtering apparatus comprising: 35 

a vacuum chamber connected to a ground; 
a sputtering source arranged in the vacuum 
chamber; 

a substrate arranged in the vacuum chamber 40 

so as to face a target of the sputtering source; 

a DC power source for sputtering; 

a constant current circuit connected to the DC 

power source and the sputtering source; 

a reverse voltage applying circuit for applying a 45 

reverse voltage to the sputtering source; 

a load voltage measuring circuit for detecting 

arc discharge which occurs in the sputtering 

source; 

a sputtering apparatus control unit for control- so 
ling an opening and closing valve to discharge 
the vacuum chamber to be a vacuum and intro- 
duce a gas pulse into the vacuum chamber and 
outputting a discharge start signal to a control 
unit; and 55 
a control unit, to which the discharge start sig- 
nal is input from the sputtering apparatus con- 
trol unit, for controlling a current output from the 



constant current circuit to be constant and 
causing the reverse voltage applying circuit to 
apply the reverse voltage to the sputtering 
source, when the load voltage measuring cir- 
cuit detects that arc discharge occurs in the 
sputtering source. 

9. A sputtering apparatus comprising: 

a vacuum chamber connected to a ground; 
a sputtering source arranged in the vacuum 
chamber; 

a substrate arranged in the vacuum chamber 

so as to face a target of the sputtering source; 

a DC power source for sputtering; 

a constant current circuit connected to the DC 

power source and the sputtering source; 

a reverse voltage applying circuit for applying a 

reverse voltage to the sputtering source; 

a load voltage measuring circuit for detecting 

arc discharge which occurs in the sputtering 

source; 

a reverse direction arc discharge preventing 
circuit for preventing occurrence of reverse 
direction arc discharge, connected between 
the reverse voltage applying circuit and a target 
of the sputtering source, the reverse direction 
arc discharge preventing circuit having a for- 
ward direction impedance connected in a direc- 
tion in which a sputtering discharge current 
flows and a reverse direction impedance con- 
nected in parallel to the forward direction 
impedance; 

a sputtering apparatus control unit for control- 
ling an opening and closing valve to discharge 
the vacuum chamber to be a vacuum and intro- 
duce a gas pulse into the vacuum chamber and 
outputting a discharge start signal to a control 
unit; and 

a control unit, to which the discharge start sig- 
nal is input from the sputtering apparatus con- 
trol unit, for controlling a current output from the 
constant current circuit to be constant and 
causing the reverse voltage applying circuit to 
apply the reverse voltage to the sputtering 
source, when the load voltage measuring cir- 
cuit detects that arc discharge occurs in the 
sputtering source. 

10. A power supply apparatus for sputtering, according 
to claim 9, wherein in the reverse direction arc dis- 
charge preventing circuit, the reverse direction 
impedance is greater than the forward direction 
impedance. 

11. A power supply apparatus for sputtering according 
to claim 9, wherein in the reverse direction arc dis- 
charge preventing circuit, the forward direction 
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impedance comprises a diode and the reverse 
direction impedance comprises a resistor. 

12. A power supply apparatus for sputtering according 
to any one of claims 7 to 11, wherein no static s 
capacitance other than a parasitic static capaci- 
tance of the sputtering source and a wire static 
capacitance is provided between the constant cur- 
rent circuit and the sputtering source. 

w 
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